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Influenzal meningitis has been drawn into the controversy over the 
etiology of influenza, first by one faction and then by another, without 
much  justification  or  proof  by  either.  The  relation  of  influenza 
bacilli to the disease influenza may not be settled for a long time and 
certainly not before much more is known about the biological and the 
serological  behavior  of  these  organisms.  The  study  of  influenza 
bacilli from the throats, sputum, and lungs of individuals with and 
without influenza has led to numerous opinions about the unity or 
multiplicity of  strains  of  these  bacilli.  Even  different  competent 
workers  (1)  using  the  same  strains  do  not  obtain  similar  results. 
There must be some cause, which perhaps has not yet been discovered, 
to  account  for  all  these  discrepancies.  Since  there  are  so  many 
opinions about the relation of Bacillus influenzce to influenza and about 
the relation of one influenza bacillus to another, it was considered wise 
to select first for study a  small group of the organisms which were 
known  positively  to  be  pathogenic.  Influenza  bacilli  which  had 
produced meningitis offered the group sought. 
No attempt will be made at this time to cover the various ideas about influenza 
bacilli in general.  The work of only a few investigators will be cited to show the 
multiplicity of opinions  even about B. influenzce,  producing  meningitis.  Slawyk  (2) 
isolated  an  influenza bacillus from the blood and spinal fluid of a child with 
meningitis.  This organism was seen by Pfeiffer,  who agreed that it was B. in- 
fluenza.  Cohen  (3)  recovered from the spinal fluid and blood of patients with 
meningitis an organism similar to the influenza bacillus, except that it caused 
septicemia in rabbits, and because of this difference in virulence and evidence 
obtained by protection experiments, he believed the two organisms were not the 
same.  Wollstein (4, 5) in her  studies on influenzal meningitis concluded that 
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respiratory and meningeal strains of B. influen~ were more or less identical 
culturally and immunologically,  varying only in virulence.  Davis (6) found no 
difference in the virulence of respiratory and meningeal strains.  Anderson  and 
Schultz (7) isolated  five  strains of influenza  bacilli from one patient with meningitis, 
one each from the spinal fluid, blood, nose, nasopharynx, and throat, and reported 
them to be serologicaUy different. This is a rather unusual finding in view of 
Wonstein's (4) work, who showed that B. influenzce injected intravenously into 
rabbits and subdurally into monkeys could be recovered from the mucous mem- 
branes of  the  upper  respiratory  tract. 
For a long time influenza bacilli were considered alike culturally, but lately 
many have shown that they can be subdivided by biological reactions.  Wads- 
worth and Wheeler  (8), Jordan (9), Stillman and Bourn (10), Rivers (11), and Rivers 
and Leuschner (12) have contributed to this work.  The bacilli also were generally 
accepted as being hemoglobinophilic  or hemophilic, but now there is good reason 
to believe that they are not hemoglobinophilic (13-16), and possibly not even 
hemophilic (17).  At any rate the strains studied in this work meet all the old 
criteria of influenza bacilli--they  are  Gram-negative, non-motile, aerobic, pleoo 
morphie bacilli which do not grow on ordinary nutrient  or meat infusion agar 
when in pure culture. 
Thirteen strains of Bacillus influem~ isolated from spinal fluids of 
patients who died of influenzal meningitis were used.  Seven of these 
(Nos. 7, 8, 9, 10, 11, 12, and 16) were furnished by Dr. A. W. Williams 
and were from a collection made by the Department of Health of the 
City of New York during a period of 7 years, 1913-20.  Povitzky and 
Denny (18) have already published work on these seven strains.  The 
fact that the results presented here do not coincide entirely with theirs 
places the authors under no less of an  obligation to the New York 
workers for supplying most of the  strains  studied.  Strain  16  was 
obtained from Dr. WoUstein and may be the same as Strain 6 obtained 
directly from Dr. Wollstein by this laboratory.  Proof, however, that 
these two strains came from the same patient is lacking.  In this work 
these have been considered  as separate strains.  No. 17 was recently 
furnished by Dr. E. O. Jordan who received it from Dr.  D.  J.  Davis, 
of the University of Illinois, in November, 1920.  Strains 1, 2,  14,  and 
15  were  isolated  here  from  patients in Dr.  John Howland's  clinic. 
For comparison four blood culture strains from  children with  pneu- 
monia were used.  No.  3 was  obtained in pure culture from a  child 
who later recovered;  Strains 4  and  5,  mixed  with  Type  IV  pneu- 
mococci, and No. 13 were obtained at autopsies.  A list of the strains 
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TABLE  I. 
List  of Strains. 
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Strain 
No. 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Label when received. 
B. inf. Men. 191~ 
Z 
747 
Source. 
Meninges; influenzal meningitis. 
Antemortem  blood culture; 
pneumonia. 
Postmortem  blood  culture; 
pneumonia. 
Postmortem  blood  culture; 
pneumonia. 
Meninges; influenzal meningitis. 
Date  of isolation. 
6741 
6746 
6827 
6745 
B.I.W. 
Pfeiffer No. 26 
gi  gg  It 
gt  ~¢  it 
lg  It  l¢ 
It  t¢  It 
I¢  tg  t¢ 
tt  t¢  Ct 
Postmortem blood culture; 
pneumonia. 
Meninges;  influenzal meningltis 
~t  ~t  t~ 
1920 
1920 
1920 
1920 
4t  tt  tt 
1920 
1917 
1913-14 
1913--14 
1918 
1918 
1919 
1918 
1920 
1920 
1919 
1917(?) 
Received by Dr. 
Jordan 1920. 
From whom 
received. 
Rivers. 
tt 
it 
tt 
Wollstein. 
Williams. 
tt 
tt 
¢g 
Rivers. 
ct 
Williams. 
Jordan. 
Biological  Reactions. 
One particular kind of medium was used so much in the study of 
cultural  characteristics and  serological reactions that it  will  be  de- 
scribed in detail and hereafter will be spoken of as hemo-peptone  water 
for convenience. 
Peptone (Fairchild's)  ...................................... 20 gin. 
Sodium chloride ...........................................  5 gin. 
Distilled water .........................................  1,000  cc. 
Boiled and titrated to pH 7.4. 
10 cc. of washed red blood cells added and heated to 95°C. 
Filtered through paper. 
Sterilized through a Mandler filter.  Tubed or flasked in required amounts and 
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This medium is perfectly clear, contains very little protein as it will 
not cloud on boiling or autoclaving, and supports a splendid growth of 
influenza bacilli. 
Production of [ndole.--Tubes  of hemo-peptone water, after inocu- 
lation a~nd incubation for 3  to  10  days,  were  extracted  with  ether. 
This ether extract  was  decanted and  tested  with  Ehrlich's  reagent 
for indole.  All the meningitic strains except No.  10 gave a  positive 
test, while this was true of only two (Nos. 3  and 13) of the four blood 
culture strains.  No. 16, which Povitzky and Denny (18) said failed to 
produce indole,  did so about three-fourths of the time when hemo- 
peptone water alone was used, and all the time when tryptic digest of 
milk was added  to  the hemo-peptone water.  No.  10  in the  men- 
ingitic group and Nos. 4 and 5 from the blood culture group  never under 
any conditions produced indole. 
Reduction of Nitrates.--Hemo-peptone water plus potassium nitrate 
was inoculated, incubated 5 days, and then tested with the sulfanilic 
acid and naphthylamine reagent for nitrites.  All the strains regularly 
reduced nitrates.  In  19201 Rivers  (11)  stated  that some influenza 
bacilli did and others did not reduce nitrates to nitrites.  At that time 
he suggested that further work might show nitrite formation to be a 
common characteristic of these bacilli.  Meat infusion broth, blood, 
and potassium nitrate were the medium used then.  On this medium 
nitrate  reduction  takes  place  irregularly.  If  hemo-peptone water 
plus potassium nitrate be used, however, nitrites are formed regularly 
by all influenza bacilli so far tested. 
ttemolysis.--None of these strains hemolyze red blood cells either in 
solid  or  in  liquid  media. 
Production of Amylase,--A starch-splitting ferment is not produced 
by any of these strains. 
Fermentation  of  Sugars.--For  many years  influenza bacilli were 
considered unable to ferment any of the sugars.  Lately a  number 
of American (8,  10,  18) and German (19, 20) workers have reported 
positive fermentations  with  various  kinds  of  media and  sugars. 
Stillman and Bourn (10) have done the best work and have reported 
many of the difficulties encountered in fermenting sugars with these 
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In 1920,  Rivers (11)  stated that he could get no positive fermen- 
tations.  At that time meat infusion broth plus fresh rabbit blood 
was used as the medium to which the test sugars were added.  Since 
then it has been found that this is a very unsatisfactory way to test 
sugar fermentations, because quite often there was no evidence of the 
fermentation of glucose.  At other times when acid was formed the 
reaction was more strongly marked in the control tubes to which no 
sugar had been added.  Obviously this was an unsatisfactory method 
if any dependable results were to be obtained.  A more suitable basic 
medium was sought to which the sugars could be added.  The hemo- 
peptone water described above was used with some success, but even 
with this medium the results were not so regular as desired. 
The following medium was then tried. 
Peptone (Fairchild's) ......................................  20 gm. 
Sodium chloride  ...........................................  5 gm. 
Agar-agar ................................................  15 gm. 
Distilled water ........................................  ,1,000  cc. 
This  was  boiled,  titrated  to  pH  7.4,  filtered,  and  autoclaved in 
100 cc. quantities.  After it was taken from the autoclave and while 
it was still at 95°C., 1 cc. of washed red blood cells,  10 cc. of a  10 per 
cent solution of the required sugars, and enough 25 per cent alcoholic 
solution  of  brom-cresol  purple  to  give  a  good  color,  were  added. 
While still warm the medium was tubed and later incubated for  ste- 
rility.  It is desirable to make the medium so that there is a good deal 
water of condensation.  The coagulated blood cells,  it is  true, give 
the medium a dirty appearance but do not interfere with the results. 
Later a clear medium was made by adding to the peptone agar 15  to 
20  cc. o  fan  autoclaved  blood  clot  extract  and  15 to  20 cc. of  a 
filter-sterilized yeast extract.  When glucose and brom-cresol purple 
were  added  to  this  clear  agar  a  better  looking  medium  was 
the  result  and  fermentation of  the  sugar  took  place.  Eventually 
some kind of clear medium such as that just described may be used, 
but the findings in this paper are based on the results obtained upon 
the mud~ly looking solid medium.  Readings were made daily for 10 
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Sugar fermentations were more prompt and regular when the solid 
medium was used instead of the hemo-peptone water; for example, 
none  of  the  strains  fermented filter-sterilized maltose  in  a  liquid 
medium, while Strain 4  always fermented it in  the  solid  medium. 
(Autoclaved maltose gave very irregular results, probably because it 
is  so  easily hydrolyzed.)  The  fructose tubes  were distinctly acid 
after 48 hours, but later often returned to about the same reaction as 
that  of  the  controls.  The reaction of some of  the  unfermentable 
sugar media, lactose and rhamnose for example, at times was made 
distinctly more alkaline by the growth of these bacilli.  Apparently 
influenza bacilli under the proper conditions may form both acid and 
alkali  and  the final reaction is  the  resultant of  these two  factors. 
Nineteen  so  called  sugars  have  been  tested.  Sucrose,  lactose, 
mannitol,  mannose,  dulcitol,  dextrin,  glycerol,  rhamnose,  inosite, 
sorbitol, salicin, and inulin were not fermented  by any of these strains. 
Acid without gas was produced by all,  except No.  17, from glucose, 
fructose, and  galactose  (Table  II).  Upon  raffinose  and  arabinose 
questionable results were obtained.  All except Nos. 13 and 17 formed 
acid without gas from xylose.  Only No. 4,  a  blood culture strain, 
fermented maltose.  At a glance it can be seen that the meningitic 
strains with the exception of No.  17  and two of the blood culture 
strains  gave  similar  fermentation reactions.  Strain  17  fermented 
none of the sugars. 
Action ot~ Milk and Milk-Broth.kin 1920, Rivers (11) stated that a 
certain group of influenza bacilli,  which contained five meningitic 
strains, made milk-blood-broth slightly acid in 48 hours while others 
made it slightly alkaline.  The production of acid or alkali in milk- 
broth mixtures by the organisms here studied varied very much when 
different  lots of the medium were used.  At times acid was formed, at 
others alkali.  Usually all  of them acted similarly upon  the  same 
medium.  This  variation depended most likely on  the  amount  of 
glucose in the broth used, as the same variation was noted on blood- 
broth mixtures alone.  Dochez  1  has found that the glucose in different 
lots of meat infusion broth varies considerably, as shown by quanti- 
tative determinations.  When milk with heated washed red blood cells 
alone was used, however, all the strains fairly regularly produced a 
slight  amount of alkali.  The use  of milk-blood-broth seems inad- 
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visable as a routine procedure.  If milk is to be used at all, skimmed 
milk without broth should be chosen, as the results will be more con- 
stant and reliable. 
TABLE  II. 
Cultural Ckaracteristics. 
Strain 
No. 
2 
6 
7 
8 
9 
10 
11 
12 
14 
15 
16 
17 
3 
4 
$ 
13 
Source  o 
Meninges; influenzal men- 
ingRis. 
~t  ~t 
~C  tt 
{t  {t 
31ood  culture; pneumonia. 
Milk. 
Alkali. 
~g 
~f 
~t 
o 
Alkali. 
~G 
The most important  positive cultural characteristics  are given in this table. 
Under the sugars  4- indicates acid  production  without gas, -- indicates pro- 
duction of  neither  acid  nor  gas.  Under  milk-broth  ? indicates that the re- 
action sometimes became more acid, at other  times more alkaline,  0 indicates 
that the test was not made. 
Serological  Reactions. 
For  the  study of  serological  relations  the  agglutination  reaction 
was chosen,  chiefly because it  can be verified and  extended by the 
absorption  of  agglutlnin  test.  Moreover,  in  the  majority  of  the 
recent work on influenza bacilli this reaction has been used and it was 
felt that whatever correlation obtained with meningitic strains would 
stand out all the more sharply from the heterogeneity of respiratory 
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Preparation of Immune Sera.--For the study of agglutinations and 
absorptions  monovalent  antisera  were  prepared  from  rabbits  with 
Strains  1, 3,  4,  5,  6,  8,  10,  11,  13,  14,  and  15,  and from sheep with 
Strain 9.  Preliminary bleedings were titered for normal agglutinins. 
Most of the normal sera agglutinated none of the various strains in a 
greater dilution than 1 : 20.  Several, however, agglutinated a  few of 
the strains in a  dilution of 1 : 40.  In subsequent work normal agglu- 
tinins did not interfere as 1:100 was the first dilution in each series. 
The technique of immunizing the rabbits consisted in intravenous 
inoculation  of  live  24  hour  cultures  in  cooked  rabbit  blood  meat 
infusion broth, beginning with 0.25  cc. and gradually increasing the 
dose up  to  1 to  1.5  cc.  Three  series  of  injections  were  made  on 
3 successive days.  Each  series  was  followed by  a  rest of  4  days. 
5 days after the last inoculation test bleedings were titered for agglu- 
tinins.  The animals whose sera showed a titer of 1 : 1,200 or over were 
bled and  the serum was  collected and preserved ,with 0.5  per  cent 
phenol.  Many sera had a  titer of 1:3,000  or over.  Animals whose 
sera were unsatisfactory and in  some cases  animals  surviving  the 
bleeding were given more inoculations.  The  sheep was immunized 
by giving intravenous inoculations of live cultures of Strain 9 in hemo- 
peptone water made with sheep blood.  The initial dose of 0.5 cc. was 
gradually increased to 20 cc.  Injections of more than 20 cc. of the 
broth  cultures  were  not  well  tolerated.  Then  the  bacteria  were 
collected by  centrifuging,  and  the  largest  dose  given  was  bacteria 
from  100  cc.  of broth  culture  suspended in  10  cc.  of salt  solution. 
The injections were made daily for 7 days, followed by a  rest of 5 to 
7 days. 
_Preparation of A ntigens  f °r A gglutinati°n'--A few preliminary experi- 
ments showed that the hemo-peptone water would be suitable for the 
preparation of agglutinating antigens and that formalinizafionfavored 
the agglutinability of a  suspension.  The medium was prepared  in 
large quantities;  200  to  300  cc.  were placed in 500  cc.  Erienmeyer 
flasks, and incubated several days to insure sterility.  The organisms 
from which it was desired to prepare antigens were cultivated through 
eight to ten daily transplants in tubes of this medium, in the expec- 
tation, as Dreyer and his coworkers (21) found for organisms of the 
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taneous agglutination with an increased sensitivity to agglutination 
by immune sera.  This was found to be true with influenza bacilli. 
After a number of transplants a diffuse growth was obtained in 12 to 
18 hours.  Then 1 cc. of these rapidly growing young cultures was 
inoculated into the fasks of the medium and incubated for 6 to 24 
hours at 37°C.  When the growth was considered sufficient, but in no 
case later than 24 hours after inoculation, the cultures were removed 
from the incubator and 0.1 per cent of commercial formalin was added. 
These flasks were stored in the refrigerator, being removed for daily 
shaking.  Mter 7 to 10 days the antigens were found to be suitable 
for  use.  They  were  compared in  density with  a  certain  antigen 
arbitrarily chosen as a standard and diluted with sterile saline solution 
containing 0.1 per cent formalin.  The resultant opacity was approxi- 
mately that of the Oxford standard cultures. 
Formaiinized antigens prepared in this manner were used through- 
out the serological work.  They proved very agglutinable, not prone 
to spontaneous agglutination, and, it was felt,  comparable from day 
to  day,  though  successive  antigens  from the same culture  varied 
somewhat in sensitivity, and several of the strains always gave far 
more flocculable suspensions than others. 
After standing 3 to 4 weeks, several of the cultures, especially those 
of non-meningitic origin, suddenly began to flocculate spontaneously. 
This phenomenon  was looked for after holding an antigen for a month. 
Often, however, the antigens remained satisfactory for much longer 
periods. 
Agglutination Tests.--With sera and antigen  s prepared as described 
a series of agglutination tests was performed.  The incubation period 
for the test was invariably 6 hours at 55°C. in the water bath.  Read- 
Lugs were made with the naked eye and artificial light 15 minutes after 
removing the tubes from the bath.  The results of these tests  are 
shown in Table III. 
It is apparent (1)  that with the exception of one or two xtoubtful 
results  the  four non-meningitic strains  are  agglufinatively distinct 
from the group, and from each other;  (2)  that Strain 10  is  aggluti- 
nated by practically no serum save its own, which in turn agglutinates 
only Nos.  8  and 15;  (3)  that Strain  17  is not agglutinated to titer 
by any of the sera used;  (4) that the majority of the other strains are 486  INFLUENZA  BACILLI  PRODUCINO  MENINQITIS 
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agglutinated  by  almost  all  the~ sera.  Closer  inspection,  however, 
shows that Serum 1 picks out Nos. 2, 6, 7,  11, 12, and 16,  and  that 
Serum 14 agglutinates Nos. 7, 9, 8, 15, and 16, leaving Nos. 1, 2, 6, 11, 
and 12 less affected. 
This marked degree of cross-agglutination emphasized the necessity 
of  absorptions.  Accordingly,  these  were  begun  at  once  without 
extensive repetition of agglutinations.  It may be said at this point 
that the control agglutinations made with unabsorbed serg for com- 
parison with absorption tests (Table IV) emphasized some of the differ- 
ences pointed out above, so that it is probable that the agglutinative 
picture is not so confused as Table III would indicate.  It is possible 
that by shortening the period of immunization of animals, as suggested 
by Tulloch (22), and using a less sensitive antigen, effective differences 
in  agglutinations might be  elicited even with this group of closely 
related strains. 
Absorption Tests.--The organisms for absorption tests were grown in 
Kolle  flasks  on  chocolate-blood meat  infusion agar.  Defibrinated 
human or cat blood was used as a  common method of avoiding the 
blood used in the medium upon which th.e influenza bacilli had been 
cultivated for immunizing the animals, and the blood of the animals 
immunized, which were, of course, always identical.  The flasks were 
seeded with  1 to  2  cc.  of a  young culture in hemo-peptone water. 
These cultures for seeding were transplanted daily as the impression 
was that such agglutinable  cultures  gave a  growth which absorbed 
better than that obtained from seedings with old cultures transplanted 
weekly on blood agar.  After the flasks had been incubated for  18 
hours the growth was scraped off with a  heavy nichrome spud and 
suspended in a minimal amount of salt solution.  The resulting heavy 
emulsion contained at times small pieces of agar which were removed 
by filtration through a  quadruple layer  of cheese-cloth.  Sedimen- 
tation was effected in the centrifuge for 30 minutes at 2,500 revolutions 
per minute in graduated tubes, after which the ~upernatant fluid was 
decanted and the volume of packed~acteria noted. 
A few absorptions were made with the sera diluted to 1: 50, but it 
was  found  that  large  doses of  the  organisms did not consistently 
remove the agglutinins for the absorbing strain.  Then a 1 : 20 dilution 
of the sera was used with better results.  To the packed bacterial 488  INFLUENZA  BACILLI  PRODUCING  MENINGITIS 
mass was added enough 1 : 20 serum to give two, three, or four parts of 
ceils to one of undiluted serum, according to the titer of the serum used. 
This method of adding serum appeared more accurate than pipetting 
into each tube of material to be tested the small quantity of undiluted 
serum  and  then  adding  the  requisite  amount  of  salt  solution.  Of 
TABLE  IV. 
Results of Agglutination  Tests with Serum 6 Absorbed with Strain 8. 
0.6 ce. of packed organisms  to 0.4 co. of serum; absorption in water bath for 
3 hours at 55°C.; agglutination after absorption in water bath at 55°C. for 6 hours. 
Strain No. 
I:I00 
T 
$ 
$ 
$ 
Dilutions of unabsorbed serum control. 
1:200 
T 
$ 
$ 
$ 
1:400 
T 
$ 
$ 
$ 
1: 800 
T 
$ 
$ 
$ 
1:1,200  __ 
T 
$ 
$ 
+ 
1:1,600 
T 
+ 
+ 
1:2,000  __ 
T 
+ 
+ 
1:2,400 
+ 
+ 
+ 
+ 
+ 
Dilutions ol absorbed serum. 
1 
2 
6 
8 
9 
11 
14 
15 
Salt solution 
control. 
m 
m 
Strain No.  Salt solution 
control. 
1 
2 
6 
8 
9 
11 
14 
15 
1:2,000  I:I00  I: 2( 
TT 
+  + 
+  + 
+  + 
1:400  __ 
T 
+ 
+ 
¥ 
1:800  --+-~-- 
+ 
+ 
1:1,200  -T 
+ 
1:1,500 
T 
+ 
+  indicates agglutination; -- no agglutination. 
Strain 8 removes from Serum 6 the agglutinins for Nos. 8, 9, and 14. 
course the final dilution would be slightly more than 1 : 20 and should 
be taken into consideration when the agglutinations are set up after 
absorption.  Attempts  to  obtain  the  limits  of  specificity  by  using 
large doses of bacteria--seven or eight parts of bacteria to one part of 
serum--never gave a  complete removal of heterologous agglutinins. T. M. RIVERS AND  LA~qtENCE  A. KOHN  489 
The elimination of the possibilityof non-specificremovalof  agglutinins 
seemed certain as the proportion of bacteria to serum was never more 
than 4:1 and most of the time 2:1 or 3:1.  Absorptions were made at 
55°C. in the water bath for 3 hours, the tubes being shaken occasion- 
ally to insure good contact.  Then the tubes were centrifuged for 30 
minutes.  The clear supernatant fluid was collected and stored on ice 
fill  the  following day when  agglutinations  were  set  up,  with  the 
technique described above.  The usual salt and serum controls were 
employed; the latter were made from serum which had been incu- 
bated,  centrifuged, and let stand  exactly as had the test material. 
The  fiter of a  serum for the homologous strain  was  often reduced 
markedly,  sometimes  to  one-fourth the  control  titer,  when it was 
absorbed by a heterologous strain.  These results were interpreted as 
negative in  view of the  complete removal of the  agglutinins  by a 
strain of the homologous group in similar dosage.  The phenomenon 
occurred  particularly  with  the  meningitic  strains  which  fell  into 
different groups.  This technique has been described at length because 
it is felt that an attempt has been made to standardize serological 
work upon influenza bacilli which may bear an important relation to 
the results obtained. 
When Serum 6 was absorbed by Strain 8 it was found, as shown in 
Table IV, that the agglufinins for Nos. 8,  9,  and 14 were removed, 
while those for the homologous strain and Nos.  1, 2,  11, and 15 were 
left.  A  similar result was obtained when Serum 6 was absorbed by 
Strain 9.  These tests suggested at once a grouping of certain strains 
and it  will  be noted that  the agglutinations  in  Table  III  may be 
interpreted to give support to this grouping with the exception of the 
behavior of Strain  14  toward Serum 9.  A  later agglutination  test 
controlling absorptions  from Serum 9  showed No.  14  to  be agglu- 
tinated almost to the titer of this serum. 
To prove  a  grouping each serum was absorbed with  the  strains 
which it agglutinated.  The results are shown in Table V. 
From Table V  the following facts are apparent.  (1)  Strains 1, 2, 
6, 7, 11, 12, and 16 are alike in removing from Sera 1, 6, and 11 agglu- 
tinins  for the homologous strain.  (2)  Strains  8,  9,  and  14  form a 
similar group.  (3) Strain 15 is probably intermediate between these 
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Strain 15 completely removes the agglutinins from no serum except its 
own for the homologous organisms, while on the other hand all of the 
strains of Group 2 and Nos. 2 and 11 of the other group remove com- 
pletely the specific agglutinins from Serum 15.  (4)  Strain 17 falls in 
neither  group  nor  with  Strain  3.  (5)  When  Strain  10  manifested 
agglutinative relations with either of the main groups these were not 
TABLE V. 
Results  of Absorption  Tests. 
Groups. 
Intermediate. 
Serum No. 
5  11  15 
;÷ 
--I 
8  9  .14  10  [  3  !-- 
+; 
++  + 
4  5  13 
% indicates  the complete removal of specific agglufinins from a  serum by a 
strain;  -  indicates the opposite.  Where a symbol is lacking no absorption was 
made.  Nos. 1, 2, 6, 7, 11, 12, and 16 constitute Group 1; Nos. 8, 9, and 14 Group 
2;  No.  15  is  intermediate. 
confirmed by absorption tests.  (6)  Certain ambiguous agglutinative 
reactions  of  the  four  non-meningitic  strains  can  be  interpreted  as 
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DISCUSSION. 
Valentine and Cooper (23)  found two groups of two strains each 
among 171 respiratory strains.  One of these groups was enlarged by 
Povitzky and Denny (18)  to include five strains by the study of 90 
additional ones.  On the other hand, the latter authors found four of 
seven meningitic strains to be identical.  There is nothing to indicate 
that the significance of this difference in grouping between the menin- 
gitic and the respiratory strains was appreciated in  relation to the 
disease influenzal meningitis.  In fact it appears that they look upon 
it as a matter of chance, as they say:  "In cases of influenzal meningitis, 
we were so fortunate as to have discovered a dominant type of Bacillus 
i~fluenz~." 
The grouping which we obtained is not in accord with thatshownby 
Povitzky and Denny (18)  with seven of these strains.  They found 
that meningitic strains corresponding to our Nos. 7, 8, 9, and 16 were 
agglutinated by an antiserum to No. 9 and absorbed the agglutinins; 
that an antiserum to No. 10 agglutinated only the homologous organ- 
ism;  and that Nos.  11  and  12  were agglutinated by neither  of the 
above sera nor did they absorb the specific agglutinins from Serum 9. 
We found, using many more sera than they, that of these seven strains, 
Nos. 7, 11, 12, and 16 were in onegroup, Nos. 8 and 9 in another group, 
and No. 10 stood alone.  No explanation is offered for this difference 
in results. 
The essential point, however, is that we have been able to confirm 
and  extend  their  results,  showing  the  existence  of  definite  groups 
embracing the majority of the available strains  of influenza bacilli 
isolated  from cases  of meningitis in  which they occurred.  This  is 
especially marked in  distinction  to  the  apparent  heterogeneity of 
respiratory strains as well as of the four blood culture strains which we 
have studied from children with pneumonia. 
It is difficult without further work on more meningitic strains and 
without further careful comparison of these with many respiratory 
'strains  to state just what the results  so far indicate.  At any rate 
several possibilities are suggested.  The most interesting one is that 
out of the large heterogeneous group  of influenza bacilli  a  smaller 
group  of  organisms  possessing  similar  cultural  characteristics  and 492  INFLUENZA BACILLI PRODUCING MENINGITIS 
similar or closely allied serological reactions has become specialized 
parasites,  which enables them to  attack and produce in children a 
definite disease picture, influenzal meningitis.  This is analogous to 
the  meningitis produced  by  the  meningococci which  constitute  a 
definite group among the  Gram-negative diplococci.  If  the  above 
possibility proves untrue  the  next most likely  one is  that  certain 
groups of influenza bacilli more or less similar culturally and serologi- 
cally, having risen to various levels of pathogenicity, can cause serious 
diseases in man, for example, septicemias, pneumonias, and  menin- 
gifts, in this respect being similar to pneumococci and streptococci. 
Out of the thirteen meningitic strains the results with only two 
(Nos. 10 and 17) interfere with the first possibility mentioned.  Imme- 
diately the question is raised as to which will be  called meningitic 
strains.  The history of the patients from whom Nos. 10 and 17 were 
isolated is not available at this time.  These strains were isolated, it 
is true, from patients with meningitis, but this may have been second- 
ary to a mastoid infection or pneumonia.  In that event the menin: 
gifts might be considered a complication of some other disease caused 
by a respiratory strain of Bacillus influenza3.  Nor is it knownwhether 
these two strains were obtained in pure culture.  It may be that they 
attacked the meninges aided by pneumococci or streptococci rather 
than by powers of their own pathogenicity.  At least one child seen at 
the Harriet Lane Home had a meningitis following a mastoid infection. 
Cultures from the mastoid and the spinal fluid revealed a hemolytic 
streptococcus and an influenza bacillus.  That strain was lost before 
this work was undertaken.  It will require further study of patients 
and of autopsy material in connection with the study of the cultural 
and the serological reactions of the influenza bacilli isolated from them 
before it can be said definitely that there is a group of these organisms 
which has a  predilection for the meninges, producing a  meningitis 
as meningococci do and not secondarily to mastoiditis, sinusitis, or 
pneumonia. 
If influenzal meningitis proves to be analogous to epidemic menin- 
gitis a  further effort should be made to produce a  curative serum in 
an attempt to lower a mortality of 90 to 95 per cent. T.  M.  RIVEI~S  AND  LAWRENCE  A.  KOHN  493 
CONCLUSIONS. 
1.  An attempt has been made to standardize  the cultural  and the 
serglogical work on influenza  bacilli.  As  technique  and  knowledge 
improve cultural and serological characteristics may be shown to be 
different from those reported here.  The results are constant enough 
for comparison as they were obtained under as nearly similar condi- 
tions  as  possible. 
2.  Of  thirteen  meningitic  strains  of  Bacillus  i,  nfluenz~  isolated 
by different  workers  during  a  period  of  7  years,  eleven  are  alike 
culturally and fall into two groups by absorption of agglufinin tests; 
seven are in Group 1, three in Group 2, with one intermediate  strain. 
Two  strains  stand  alone  culturally  and  serologically. 
3.  Four  blood  culture  strains  from  children  with  pneumonia 
differ  from  each  other  culturally  and  serologically.  When  these 
strains show a relation culturally to members of the meningitic  groap 
this  is  not  confirmed  by  serological  reactions.  When  more  res- 
piratory strains are  studied  there  may be found among  them  some 
similar culturally and serologically to the meningitic  group. 
4.  Evidence  has been set forth  in favor of  the possibilitY that a 
certain group of influenza bacilli may have risen to a level of patho- 
genicity to produce a  disease picture known as influenzal meningitis. 
If this be true an attemot should be made to obtain a Potent serum for 
treatment. 
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